Lophira lanceolata is an oleaginous tree species whose fruit is used for vegetable oil production in Benin. The present study highlighted the fruit production and characterization of the morphological traits of the fruits and seeds of this species. A total of 196 mature trees in production were randomly sampled in Borgou-Nord, Borgou-Sud and Atacora Chain phytodistricts. Descriptors were characterized globally at the level of phytodistricts surveyed. Pearson correlation test stands out the relationships between the different descriptors. The effect of phytodistricts on fruit production was analyzed using a Generalized Linear Model (GLM) and the variation of morphological traits between phytodistricts was examined through Kruskal-Wallis test. Finally, SMA regression was used to test the influence of the phytodistrict on the relationship between L. lanceolata seed and fruit weight. This study revealed that there is a positive and significant correlation between the morphological traits of fruits and those of seeds. Trees descriptors (e.g. total height, diameter at breast height, and leaf petiole length) predict fruit production of L. lanceolata, but are not significantly correlated with fruit and seed traits. In the Atacora Chain phytodistrict, breeding trees are entering production with small diameter, low height and produce little number of fruits per tree with higher weight, unlike the Borgou-Nord and Borgou-Sud phytodistricts. These results can be useful in the selection of early breeding tree in Atacora Chain phytodistrict and high-yielding trees from individuals in the Borgou-Nord and Borgou-Sud phytodistricts.
Introduction
The West African savannas are a reservoir of highly diversified plant species whose products are very useful for population's survival [1] . The exploitation of non-timber forest products and services from savannas is not only widespread [2] , but plays medicinal, cultural, nutritional and economic roles [3] . Some species remain underutilized due to the lack of knowledge [4] , whereas the majority of savanna-zone plant species are under high pressure due to human activities and demography [5] . One of the disadvantages of ecosystem degradation in recent decades has been the loss of natural regeneration for many species [6] . The drastic decline in crop production and the loss of genetic diversity are the real risks to be observed in the long term [7] . To mitigate these risks, it is necessary to define policies to protect, domesticate, extend and enhance the potential of species for the benefit of local populations [8] . The domestication process is still based on the selection of desirable genes [9] , given indigenous knowledge of target species [10] . Moreover, within climatic zones, environmental conditions are known to induce a large spatial variability in the morphology and productivity of fruit trees [11] . Precipitation, relative humidity, and temperature can cause significant variations in the morphological characteristics of species populations [9] . In the context of climate change, trees could express new potentialities in response to bioclimatic factors. Consequently, studies on the ecological adaptation of fruit trees along the climatic gradient are important for predicting their productivity in the future [12] . Variability studies are needed to increase plant productivity and also for future breeding work [13] . Morphological descriptors are the basis for the characterization of plant genotypes on the basis of their phenotype [14] .
Despite the benefits and growing interest in the domestication of wild fruit trees, knowledge of these trees is still limited [15] . It is the case of Lophira lanceolata Tiegh. ex Keay (Ochnaceae), a mesophanerophyte of the Sudano-Guinean and Sudanian savannahs whose multiplicity of social uses accentuates anthropic pressures on its populations in Benin [16] . This indigenous species is known for its food, culinary, agricultural, pastoral, veterinary, domestic, artisanal, industrial and medicinal uses [17] . The oil extracted from the seeds is used in human food, in cosmetics and in the preparation of traditional soaps [17] . Despite its great potential to contribute to the reduction of rural poverty in Benin [18] and the growing interest for its fruits producing oil with very high nutritional value [19] , data on fruit production from wild populations along a climatic gradient remain unknown, as can variables predicting this production. The present study aims to elucidate variations in fruit production and morphological traits of fruits and seeds of L. lanceolata in Benin. Specifically, we will: 1) Determine the relationship between tree and fruit characteristics of L. lanceolata, 2) Test the effect of phytodistricts difference on L. lanceolata morphological traits and fruit production, 3) Determine the relationship between L. lanceolata fruit mass and its seed mass according to the phytodistricts in Benin.
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Material and Methods

Study Species
Lophira lanceolata, also named the ironwood or the false shea is a tree species that may reach 16 (−24) m tall [20] . Its Flowers are bisexual, regular and white in color. Leaves are simple, entire, and alternate but clustered at the end of branches. Its inflorescence is a terminal, pyramidal, lax panicle with 15 to 20 cm long. Fruits are assimilated to conical shape. Seed are ovoid in shape, chestnut-colored and glabrous [20] .
Study Area
This study was carried out in three phytodistricts [21] , two of which are located in the Sudanian zone (Borgou-Nord and Atacora Chain) and one in the Sudano-Guinean zone (Borgou-Sud) (Figure 1 ). The choice of the study area is motivated by the frequency and abundance of productive tree of L. lanceolata. 
Data Collection
Data were collected from 196 randomly selected productive trees in three (03) phytodistricts (Borgou-Nord, Borgou-Sud, Atacora Chain). On each productive tree, the diameter at breast height (dbh) and the total height were measured. At physiological maturity, all the fruits were collected from each tree, counted and weighed. For each tree, 30 fruits were randomly selected and the following variables were measured: the large sepal length, the large sepal width, the small sepal length, the small sepal width, the fruit length, the fruit diameter, the seed length, the seed diameter, the fruit weight and the seed weight. Thirty (30) leaves were then taken from each tree and the variables (petiole length, limb diameter, limb length) were measured on each leaf. The different descriptors were analyzed overall on all the phytodistricts of the study area thanks to a descriptive statistic (average, standard deviation, coefficient of variation, maximum, minimum). The coefficient of variation is higher in the number of fruits per tree (CV = 210.81) while it is lower in the large sepal length (CV = 11.84) ( Table 1 ).
Data Analysis
The relationships between the descriptors were analyzed by submitting a data 
Results
Relations between L. lanceolata Descriptors
There is a positive and significant correlation between several measured variables ( Table 2 
Descriptors Variation According to the Phytodistricts
The results show that total height, dbh and fruit weight differ significantly between phytodistricts (Table 3 ). The populations of L. lanceolata from Borgou-Nord and those from Borgou-Sud show individuals of larger sizes, large diameters. Populations of the Atacora-Chain phytodistrict have fruits with a higher weight unlike fruits from populations of Borgou-Sud which are lighter.
Fruit production is significantly higher in Borgou-Nord than in the Borgou-Sud (z = −2.36, P = 0.0181) and the Atacora-Chain (z = −7.251, P < 0.001) ( Table 4 ). 
Effect of Phytodistricts on the Relationship between Seed Weight and Fruit Weight
SMA regression showed a positive correlation between seed weight and fruit weight in the three phytodistricts (r = 0.84 to 0.94, Figure 2 ) and suggested that the weight of the seed increases with the weight of the fruit. However, the regression slopes vary significantly between phytodistricts and this suggests that for a fruit weight of less than 1.3 g, the slope in Borgou-Nord is significantly higher than in the other two phytodistricts (P = 0.01, LRT = 8507). But there is no difference in slope between the Borgou-Nord and Atacora-Chain phytodistricts ( Figure 2) . The difference in slope suggests that the variability in seed weight associated with the increase of one unit of fruit weight is significantly higher in Borgou-Nord than in the other two phytodistricts. Thus, when the fruit weight increases by one gram, the seed weight increases by 1.29 g in Borgou-Nord while it increases by about 1 g in the other two phytodistricts.
Discussion
Links within Morphological Traits and Fruit Production of L. lanceolata
The morphological traits of fruits and seeds are positively and significantly correlated with one another, suggesting that fruit traits can be used as predictors of seed traits in the study area. These strong correlations indicate that the selection of indirectly measurable traits (seed length, seed diameter, seed weight) could be based on directly measurable traits (fruit length, fruit diameter, fruit weight), if these correlations have a genetic basis. Indeed, the inheritance of quantitative traits (length, diameter, weight) is generally considered polygenic [22] and a phenotypic correlation between two polygenic traits may have a genetic or environmental basis and these traits are not necessarily transmissible to the next generation [23] . Further study is needed to understand the underlying factors of the phenotypic correlation observed in L. lanceolata. However, there is no significant correlation between fruits and seeds traits and tree descriptors (dbh, total height) or leaves descriptors (petiole length, leaf diameter, leaf area), indicating that these cannot be used to predict the characteristics of fruits and seeds.
Similar results were observed for Sclerocarya birrea subsp. birrea in Benin [9] and Burkina Faso [24] , as well as for Vitellaria paradoxa in Mali [25] .
On the other hand, the dbh, the total height and the petiole length are positively and significantly correlated with the number of fruits per tree. Largest and tallest trees with long petiole leaves produce more fruits. The dbh, total height and petiole length can therefore be used to predict the amount of fruit that L. lanceolata can produce. The results obtained are similar to those obtained by [26] according to which dbh and crown diameter of Lannea microcarpa are good predictors of fruit production of this species. Similarly, the dbh and the total height of Parkia biglobosa are positively correlated with the total weight of the fruits [27] . Observations made in this study showed that the smallest fruiting individual has a dbh of 7.9 cm. At this diameter, production is low and increases gradually with diameter. These results are of interest for future studies that may focus on modeling oilseed productivity as suggested by [28] .
Relationship between Morphological Traits of L. lanceolata and Functional Strategies
Morphological traits such as limb diameter, large and small sepals' length, small sepal's width, fruit diameter fruit length, seed length, seed diameter, leaf area do not differ significantly between phytodistricts. This suggests that these traits are not affected by the climate difference at the country's phytodistricts level. However, total height, dbh, fruit weight, and fruit production differed significantly between phytodistricts. Productive trees in Borgou-Nord and Borgou-Sud are higher and larger in diameter. In the Atacora-Chain phytodistricts, producing trees have a small diameter, a low height, and produce few fruits that are generally heavier. This suggests a certain precocity of fruit production at individuals level in the Atacora Chain phytodistricts, although these differences may also be related to environmental conditions as emphasized by [29] in the case of Tamarindus indica in Uganda. In fact, the soil is mainly ferruginous on crystalline rocks in the Borgou-Nord and Borgou-Sud phytodistricts, whereas it is mainly mineral soils and little evolved in the Atacora-Chain phytodistrict with a very particular climate [21] . Habitat type and human activities could also explain the differences noted because according to [26] [30] , ultimately affecting fruit production. [30] noted in Burkina Faso that pruning and debarking would negatively affect fruit production of Lannea microcarpa unlike [26] showed that debarking of this same species positively affects the total number of fruits and the fruit mass in the humid Sudanian zone, suggesting that trees respond to these constraints by reassigning their resources to produce a better fruit quality (bigger and wiser). Future studies should therefore elucidate the impact of anthropogenic pressures and habitat types on the variation of morphological traits and fruit production of L. lanceolata in Benin.
Implications for Sustainable Management and Conservation of L. lanceolata
The existence of variability of traits between phytodistricts is essential for selection for domestication purposes [9] . In the process of domestication, this variability could provide opportunities to identify and select new cultivars through an orientated selection scheme that may involve the precocity and abundance of fruit produced. From the point of view of conserving the genetic resources of trees, intraspecific genetic variations are needed to ensure the future adaptability of the species that would occur after natural selection [22] . In Nigeria and Cameroon for example, vegetative reproduction (layering, suckering, and cuttings) of L. lanceolata has been undertaken due to increased interest in this species [20] [31]. In Benin, however, L. lanceolata fruits remain underutilized and local populations have not undertaken tree plantations [17] . This species should be promoted in agroforestry systems as already suggested by many studies [16] [17]
[18] [20] [31]. L. lanceolata should still be considered a wild species in many agroforestry systems and additional efforts are needed to ensure its domestication. The characteristics of precocity of certain individuals and the good production of fruit in addition to their ecological adaptability and aptitude for regeneration confer to L. lanceolata a place of choice among the agroforestry woody species in Benin.
Conclusion
The present study focused on the characterization of the functional traits of L. lanceolata in Benin and the prediction of fruit production and morphological traits of fruits and seeds of this species based on trunk and leaf descriptors. It appears that there is a positive and significant correlation between the morphological traits of fruits and seeds suggesting that the morphological traits of the seeds can be predicted through the fruit traits. However, some morphological traits of trees (e.g., total height, dbh, and leaf petiole length) are good predictors of L. lanceolata fruit production but are not significantly correlated with fruit and seed traits. This study also revealed that in the phytodistrict of Atacora Chain, breeding trees have small diameter, low height, and produce few fruits that are generally heavier, contrary to the phytodistricts of Borgou-Nord and Borgou-Sud where breeding trees are higher and larger in diameter and produce American Journal of Plant Sciences a lot of less heavy fruits. The results could be used for the progressive domestication of this vegetable oil resource in Benin.
